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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. § 119 to

Korean Patent Application No. 10-2020-0185156, filed on
Dec. 28, 2020 1n the Korean Intellectual Property Oflice, the

disclosure of which 1s incorporated by reference herein in 1ts
entirety.

10

TECHNICAL FIELD

Embodiments of the mmventive concept relate to a display
device, and more particularly, to a display device including 1>
sensing electrodes.

DISCUSSION OF RELATED ART

Multimedia electronic devices such as televisions, mobile 20
phones, tablet personal computers (PCs), computers, navi-
gation devices, game consoles, and the like may include a
display device which may display an image. In addition to
a general mput method such as a button, a keyboard, a
mouse, or the like, an electronic device may include a 25
display device capable of detecting a touch-based input
which may allow a user to enter information or commands
casily and intuitively.

A personal electronic device such as a mobile phone may
detect not only a touch provided by a user’s body but also 30
an iput provided by an electronic pen.

SUMMARY

Embodiments of the inventive concept provide a display 35
device with improved sensitivity while sensing an input
from various mput means.

According to an embodiment, a display device includes a
display panel, a plurality of first sensing electrodes disposed
on the display panel, and a plurality of second sensing 40
clectrodes disposed on the first sensing electrodes and
1solated from the first sensing electrodes. A wire width of
cach first sensing electrode of a second group 1s smaller than
a wire width of each first sensing electrode of a first group,
and a wire width of each second sensing electrode of a fourth 45
group 1s smaller than a wire width of each second sensing
clectrode of a thurd group.

In an embodiment, the first sensing electrodes extend 1n a
first direction, the second sensing electrodes extend 1n a
second direction crossing the first direction, and an area 1n 50
which the first sensing electrodes of the second group cross
the second sensing electrodes of the fourth group i1s a
fingerprint sensing area.

In an embodiment, the display device further includes a
panel driving circuit driving the display panel and outputting 55
a synchronization signal and a sensor controller transmitting
or rece1ving a signal to or from the plurality of first sensing
clectrodes and the plurality of second sensing electrodes.

In an embodiment, the sensor controller sequentially
provides transmit signals of an active level to the first 60
sensing electrodes 1n a first sensing mode. Active periods of
the transmit signals provided to the first sensing electrodes
of the second group overlap each other.

In an embodiment, active periods of the transmit signals
provided to the first sensing electrodes of the first group do 65
not overlap the active periods of the transmit signals pro-
vided to the first sensing electrodes of the second group.

2

In an embodiment, the sensor controller sequentially
provides transmit signals of an active level to the first
sensing electrodes 1n a second sensing mode.

In an embodiment, the second sensing mode 1s a mode 1n
which a user’s fingerprint 1s detected.

In an embodiment, the display device further includes a
base layer disposed on the display panel, a first conductive
layer disposed on the base layer, a sensor msulating layer
disposed on the first conductive layer, a base substrate, and
a second conductive layer disposed under the base substrate.
The first sensing electrodes are formed by the first conduc-
tive layer, and the second sensing electrodes are formed by
the second conductive layer.

In an embodiment, the display device further includes an
adhesive layer bonding the sensor insulating layer and the
second conductive layer.

In an embodiment, the wire width of each of the first
sensing electrodes of the second group 1s not greater than 80
micrometers (um).

In an embodiment, the display panel includes a plurality
of pixels connected to a plurality of scan lines and a plurality
of data lines. The display panel also includes a scan driving
circuit connected to the plurality of scan lines.

According to an embodiment, a display device includes a
display panel, a base layer disposed on the display panel, a
first conductive layer disposed on the base layer, a sensor
insulating layer disposed on the first conductive layer, a base
substrate, a second conductive layer disposed under the base
substrate, and an adhesive layer bonding the sensor insulat-
ing layer and the second conductive layer. A plurality of first
sensing electrodes are formed by the first conductive layver,
and a plurality of second sensing electrodes are formed by
the second conductive layer.

In an embodiment, a wire width of each first sensing
clectrode of a second group 1s smaller than a wire width of
cach {first sensing electrode of a first group.

In an embodiment, a wire width of each second sensing
clectrode of a fourth group may be smaller than a wire width
of each second sensing electrode of a third group.

In an embodiment, the first sensing electrodes extend 1n a
first direction, the second sensing electrodes extend in a
second direction crossing the first direction, and an area 1n
which the first sensing electrodes of the second group cross
the second sensing electrodes of the fourth group i1s a
fingerprint sensing area.

In an embodiment, the display device further includes a
panel driving circuit driving the display panel and outputting
a synchronization signal and a sensor controller transmitting
or recerving a signal to or from the first sensing electrodes
and the second sensing electrodes.

In an embodiment, the sensor controller sequentially
provides transmit signals of an active level to the first
sensing electrodes 1n a first sensing mode. Active periods of
the transmit signals provided to the first sensing electrodes
of the second group may overlap each other.

In an embodiment, active periods of the transmait signals
provided to the first sensing electrodes of the first group do
not overlap the active periods of the transmit signals pro-
vided to the first sensing electrodes of the second group.

In an embodiment, the sensor controller sequentially
provides transmit signals of an active level to the first
sensing electrodes of the second group 1n a second sensing
mode.

In an embodiment, the second sensing mode 1s a mode 1n
which a user’s fingerprint 1s detected.
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3
BRIEF DESCRIPTION OF THE

DRAWINGS

The above and other objects and features of the mnventive
concept will become apparent by describing in detail
embodiments thereol with reference to the accompanying
drawings, in which:

FIG. 1 1s a perspective view of a display device according
to an embodiment of the mmventive concept;

FI1G. 2 1s an exploded perspective view of a display device
according to an embodiment of the inventive concept;

FIG. 3 illustrates an operation between a display device
and mput means according to an embodiment of the inven-
tive concept;

FIG. 4A 1s a cross-sectional view of a display module
according to an embodiment of the inventive concept;

FIG. 4B 1s a cross-sectional view of a display module
according to an embodiment of the inventive concept;

FIG. 5 1s a cross-sectional view of a second sensor
according to an embodiment of the inventive concept;

FIG. 6 1s a cross-sectional view of a first sensor disposed
on a display panel according to an embodiment of the
imventive concept;

FIG. 7 1s a cross-sectional view of a display module
according to an embodiment of the inventive concept;

FIG. 8 1s a plan view of a display panel according to an
embodiment of the inventive concept;

FIG. 9 1s a plan view of an 1mput sensor according to an
embodiment of the inventive concept;

FIG. 10 1s a diagram 1illustrating an operation of an input
SEensor,

FIG. 11 1s a timing diagram of an operation of an input
sensor 1n a first operating mode; and

FIG. 12 1s a timing diagram of an operation of an input
sensor 1 a second operating mode.

DETAILED DESCRIPTION

Embodiments of the inventive concept will be described
more fully heremafter with reference to the accompanying,
drawings. Like reference numerals may refer to like ele-
ments throughout the accompanying drawings.

It will be understood that when a component, such as a
film, a region, a layer, or an element, 1s referred to as being
“on”, “connected t0”, “coupled to”, or “adjacent to” another
component, 1t can be directly on, connected, coupled, or
adjacent to the other component, or intervening components
may be present. It will also be understood that when a
component 1s referred to as being “between” two compo-
nents, 1t can be the only component between the two
components, or one or more intervening components may
also be present. It will also be understood that when a
component 1s referred to as “covering” another component,
it can be the only component covering the other component,
Or one or more intervening components may also be cover-
ing the other component. Other words use to describe the
relationship between elements should be interpreted 1n a like
fashion.

It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various
clements, components, regions, layers, and/or sections, these
clements, components, regions, layers, and/or sections
should not be limited by these terms. The terms are only
used to differentiate one element, component, region, layer,
and/or section from another element, component, region,
layer, and/or section. Thus, a first element, component,
region, layer, and/or section discussed below may be termed

10

15

20

25

30

35

40

45

50

55

60

65

4

a second element, component, region, layer, and/or section
without departing from the spirit or scope of embodiments
of the mventive concept.

Spatially relative terms, such as “under”, “beneath”, “on”,
“above”, etc., may be used herein for ease of description to
describe a relationship between components illustrated 1n
the drawings. The terms are relative and are described with
reference to a direction indicated in the drawing. It will be
understood that the spatially relative terms are intended to
encompass diflerent orientations of the device i1n use or
operation 1n addition to the onentation depicted in the
figures. For example, 1f the device 1n the figures 1s turned
over, elements described as “below” or “beneath” other
clements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. The device may be otherwise orniented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

As used herein, the singular forms “a”, “an”, and “the™ are
intended to include the plural forms as Well, unless the
context clearly indicates otherwise.

FIG. 1 1s a perspective view ol a display device DD
according to an embodiment of the inventive concept.

Referring to FIG. 1, the display device DD may be a
device which may be activated in response to an electrical
signal. For example, the display device DD may be a mobile
phone, a tablet PC, a car navigation system, a game console,
or a wearable device, but 1s not limited thereto. FIG. 1
illustrates the display device DD as a mobile phone.

An active area DA and a peripheral areca NDA may be
provided 1n the display device DD. The display device DD
may display an image through the active area DA. The active
area DA may include a surface extending 1n a first direction
DR1 and a second direction DR2. The peripheral area NDA
may at least partially surround a periphery of the active area
DA.

A thickness direction of the display device DD may be
parallel to a third direction DR3 crossing the first direction
DR1 and the second direction DR2. Accordingly, front
surfaces (or upper surfaces) and bottom surfaces (or lower
surfaces) ol members constituting the display device DD
may be termed as such based on the third direction DR3.

The display device DD may detect external inputs pro-
vided by input means. For example, the display device DD
may detect a first input IP1 provided by a first input means
1000 and a second input IP2 provided by a second imput
means 2000. The first input means 1000 may include all
input means which may provide a change in capacitance,
such as a user’s body or a passive pen. The second mput
means 2000 may be an active type of an input means which
may provide a driving signal and may be, for example, an
active pen (or an electronic pen).

The display device DD and the second input means 2000
may each communicate with each other. For example, the
display device DD may provide an uplink signal to the
second 1mput means 2000, and the second 1input means 2000
may provide a downlink signal to the display device DD.

FIG. 2 1s an exploded perspective view of the display
device DD according to an embodiment of the inventive
concept.

As 1llustrated i FIG. 2, the display device DD may
include a display module DM, an optical member AF, a
window WM, an electronic module EM, a power supply
module PSM, and a case EDC.

The display module DM may generate an image and
detect an external mput. The display module DM may
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include a display panel 100 and an input sensor 200. The
display module DM may include an active area AA and a
peripheral areca NAA respectively corresponding to the
active area DA (refer to FIG. 1) and the peripheral area NDA
(refer to FIG. 1) of the display device DD.

The display panel 100 may be a light emitting display
panel, but 1s not particularly limited thereto. For example,
the display panel 100 may be a light emitting display panel
such as an organic light emitting display panel, a quantum
dot light emitting display panel, or the like. A detailed
description of the mput sensor 200 will be described later.

The display module DM may include a main circuit board
MCB, a flexible circuit film FCB, a panel driving circuit
PDC, and a sensor controller SCC. In an embodiment, one
or more therecol may be omitted. The main circuit board
MCB may be connected to the flexible circuit film FCB and
may be electrically connected to the display panel 100. The
main circuit board MCB may include a plurality of driving,
clements. The plurality of driving elements may include a
main controller MC that may drive the driving circuit PDC
and the sensor controller SCC. The flexible circuit film FCB
may be connected to the display panel 100 to electrically
connect the display panel 100 to the main circuit board
MCB. The panel driving circuit PDC and the sensor con-
troller SCC may be mounted on the flexible circuit film

FCB

The flexible circuit film FCB may be bent such that the
main circuit board MCB faces a bottom surface of the

display device DD. The main circuit board MCB may be

clectrically connected to the electronic module EM via a
connector.

The panel driving circuit PDC may be electrically con-
nected to the display panel 100 and may control the display
panel 100. The sensor controller SCC may be electrically
connected to the input sensor 200 and may control the mnput
sensor 200.

Each of the panel driving circuit PDC and the sensor
controller SCC may be formed as an integrated circuit and
may be mounted on the flexible circuit film FCB. In an
embodiment, both the panel driving circuit PDC and the

sensor controller SCC may be implemented as a single
integrated circuit. The panel driving circuit PDC may be
referred to as a “driving controller”, a “timing controller”, a
“signal generating circuit”, and the sensor controller SCC
may be variously referred to as an “input driving circuit”, a
“sensor driving circuit”, or a “touch driving circuit”.

The mput sensor 200 may be electrically connected to the
main circuit board MCB through an additional flexible
circuit film. However, embodiments of the inventive concept
are not limited thereto. For example, the input sensor 200
may be electrically connected to the display panel 100, and
may also be electrically connected to the main circuit board
MCB through the flexible circuit film FCB.

The optical member AF may lower a reflectance of
external light. The optical member AF may include a polar-
izer and a retarder. Each of the polarizer and the retarder may
have a stretched optical film or a coated optical film. In a
coated optical film, an optical axis 1s defined in a stretching
direction of a functional film. A coated optical film may
include liquid crystal molecules arranged on a base film.

In an embodiment of the mnventive concept, the optical
member AF may be omitted, and the display module DM
may instead further include a black matrix and a color filter.

The window WM may provide an outer surface of the
display device DD. The window WM may include a base
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substrate and may further include at least one functional
layer, such as an anti-reflection layer and/or an anti-finger-
print layer.

The display device DD may further include at least one
adhesive layer. The at least one adhesive layer may bond
adjacent components of the display device DD. The at least
one adhesive layer may be an optically-transparent adhesive
layer, a pressure-sensitive adhesive layer, or the like.

The electronic module EM may include at least the main
controller MC. The electronic module EM may include a
wireless communication module, an 1image input module, a
sound mput module, a sound output module, a memory, an
external interface module, and the like. The modules may be
mounted on the circuit board or may be electrically con-
nected through a flexible circuit board. The electronic mod-
ule EM may be electrically connected to the power supply
module PSM.

The main controller MC may control overall operations of
the display device DD. The main controller MC may control
operations ol a wireless communication module, an 1mage
input module, a sound input module, and a sound output
module, as well as the display module DM. The main
controller MC may 1nclude at least one microprocessor.

The case EDC may be coupled to the window WM and
may at least partially enclose components of the display
device DD. The case EDC may protect the components
enclosed i the case EDC by absorbing external shocks
applied from outside the display device DD and reducing the
penetration of foreign objects/moisture into the display
device DD. In an embodiment of the inventive concept, the
case EDC may include and/or be coupled to a plurality of
storage members.

FIG. 3 1llustrates an operation between the display device
DD and input means 1000 and 2000 according to an embodi-
ment of the mventive concept.

Referring to FIG. 3, the display device DD may detect
external inputs provided by mput means. In an embodiment,
the display device DD may detect the first input IP1 pro-
vided by the first input means 1000 and the second input 1P2
provided by the second input means 2000.

The first input means 1000 may include all input means
which may provide a change 1n capacitance, such as a user’s
body or a passive-type pen. The second mput means 2000
may be an electronic pen which may provide a dniving
signal, such as an active-type pen and the like. For example,
the second mnput means 2000 illustrated i FIG. 3 1s an
active-type-pen.

The display device DD and the second 1mnput means 2000
may each communicate with each other. For example, the
display device DD may provide an uplink signal ULS to the
second 1nput means 2000, and the second input means 2000
may provide a downlink signal DLS to the display device
DD. In an embodiment, the uplink signal ULS may include
information such as panel information, a protocol version,
and the like, but 1s not particularly limited thereto. The
downlink signal DLS may include a synchronization signal
or state information of the second mput means 2000. In an
embodiment, the downlink signal DLS may include coor-
dinate information of the second input means 2000, battery
information of the second mput means 2000, slope infor-
mation of the second input means 2000, and/or various
information stored in the second input means 2000, but 1s
not particularly limited thereto.

In an embodiment, the display device DD may include the
display panel 100, the mput sensor 200, the panel driving
circuit PDC, the sensor controller SCC, and the main
controller MC.
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The display panel 100 may be a component that may
substantially display an image. In an embodiment, the
display panel 100 may be a light emitting display layer. For
example, the display panel 100 may be an organic light
emitting display layer, a quantum dot display layer, a micro-
LED display layer, a nano-LED display layer, or the like.

The mput sensor 200 may be disposed on the display
panel 100. The mput sensor 200 may detect an external input
provided by an input means. In an embodiment, the display
device DD may detect at least one of the first mput IP1
provided by the first input means 1000 and the second input
IP2 provided by the second input means 2000.

The main controller MC may control overall operations of
the display device DD. In an embodiment, the main con-
troller MC may control operations of the panel drniving
circuit PDC and the sensor controller SCC. The main
controller MC may include at least one microprocessor, and
the main controller MC may be referred to as a “host”. The
main controller MC may further include a graphic controller.

The panel driving circuit PDC may drive the display panel
100. The panel driving circuit PDC may receive image data
RGB and a driving control signal D-CS from the main
controller MC. The driving control signal D-CS may include
various signals. In an embodiment, the driving control signal
D-CS may include a vertical synchronization signal, a
horizontal synchronization signal, a clock signal, a data
enable signal, and the like. The panel driving circuit PDC
may generate signals to be provided to the display panel 100
based on the driving control signal D-CS.

The sensor controller SCC may exchange signals with the
input sensor 200. The sensor controller SCC may receive a
sensor control signal I-CS from the main controller MC. The
sensor control signal I-CS may include a clock signal and a
mode determination signal that may be used to determine a
driving mode of the sensor controller SCC. The sensor
controller SCC may operate 1n a {irst sensing mode, 1n which
the sensor controller SCC may detect the first input IP1
provided by the first mnput means 1000, and in a second
sensing mode, 1 which the sensor controller SCC may
detect the second imput IP2 provided by the second input
means 2000, based on the sensor control signal I-CS.

The sensor controller SCC may calculate coordinate
information of the first input IP1 or the second mput 1P2
based on the signal received from the input sensor 200, and
may provide a coordinate signal I-SS corresponding to the
coordinate information to the main controller MC. The main
controller MC may execute an operation corresponding to an
external input based on the coordinate signal I-SS. In an
embodiment, the main controller MC may drive the panel
driving circuit PDC such that an image of a new application
may be displayed on the display panel 100.

FIG. 4A 1s a cross-sectional view of the display module
DM according to an embodiment of the inventive concept.

Referring to FIG. 4A, the display module DM may
include the display panel 100 and the input sensor 200.

The display panel 100 may include a base layer SUB, a
circuit layer DP-CL, a light emitting element layer DP-
OLED, and an encapsulation layer TFE.

The base layer SUB may be a member that may provide
a base surface on which the circuit layer DP-CL may be
disposed. The base layer SUB may be a glass substrate, a
metal substrate, a polymer substrate, or the like. However,
embodiments of the inventive concept are not limited
thereto, and the base layer SUB may be an inorganic layer,
an organic layer, or a composite material layer.

The base layer SUB may have a multi-layer structure. In
an embodiment, the base layer SUB may include a first
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synthetic resin layer, a silicon oxide (S10_ ) layer disposed on
the first synthetic resin layer, an amorphous silicon (a-S1)
layer disposed on the silicon oxide layer, and a second
synthetic resin layer disposed on the amorphous silicon
layer. The silicon oxide layer and the amorphous silicon
layer may be together referred to as a “base barrier layer”.

Each of the first and second synthetic resin layers may
include polyimide-based resin. In addition, each of the first
and second synthetic resin layers may include at least one of
acrylate-based resin, methacrylate-based resin, polyiso-
prene-based resin, vinyl-based resin, epoxy-based resin,
urethane-based resin, cellulose-based resin, siloxane-based
resin, polyamide-based resin, and perylene-based resin. In
the specification, the term “(functional group)-based resin™
indicates that a resin includes a material of the functional
group.

The circuit layer DP-CL may be disposed on the base
layer SUB. The circuit layer DP-CL may include an 1nsu-
lating layer, a semiconductor pattern, a conductive pattern,
a signal line, and the like. The msulating layer, a semicon-
ductor layer, and a conductive layer may be formed on the
base layer SUB through a manner such as coating, evapo-
ration, or the like. The insulating layer, the semiconductor
layer, and the conductive layer may then be selectively
patterned by a photolithography process, forming the semi-
conductor pattern, the conductive pattern, and the signal line
included 1n the circuit layer DP-CL.

The light emitting element layer DP-OLED may be
disposed on the circuit layer DP-CL. The light emitting
clement layer DP-OLED may include a light emitting ele-
ment. For example, the light emitting element layer DP-
OLED may include an organic light emitting material, a
quantum dot, a quantum rod, a micro-LED, or a nano-LED.

The encapsulation layer TFE may be disposed on the light
emitting element layer DP-OLED. The encapsulation layer
TFE may protect the light emitting element layer DP-OLED
from foreign objects such as moisture, oxygen, and dust
particles.

The input sensor 200 may be disposed on the display
panel 100. The input sensor 200 may detect an external input
provided by an input means. The external input may be a
user input. The user input may be provided via various input
means, such as a portion of the user’s body, light, heat, pens,
pressure, or the like.

The mput sensor 200 may include a first sensor 200a and
a second sensor 2005. The first sensor 200a may be formed
on the display panel 100 through successive processes. In an
embodiment, the first sensor 200a may be directly disposed
on the display panel 100. It will be understood that the
expression “directly disposed” indicates here that a third
component 1s not mnterposed between the first sensor 200q
and the display panel 100. That 1s, 1n an embodiment, a
separate adhesive member may not be interposed between
the first sensor 200a and the display panel 100.

Alternatively, the first sensor 200a may be coupled to the
display panel 100 by an adhesive member. The adhesive
member may include a common adhesive, a common stick-
ing agent, or the like.

The second sensor 2005 may be disposed on the first
sensor 200a. The second sensor 2005 may be coupled to the
first sensor 200a by an adhesive member. The adhesive
member may include a common adhesive, a common stick-
ing agent, or the like.

The display device DD may further include an anti-
reflection layer and an optical layer, which may be disposed
on the iput sensor 200. The anti-retlection layer may reduce
the reflectance of external light incident from outside of the
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display device DD. The optical layer may improve the front
luminance of the display device DD by controlling a direc-
tion of light incident from the display panel 100.

FIG. 4B 1s a cross-sectional view of a display module
DM_1 according to an embodiment of the mventive con-
cept. In an embodiment, a display device DD may include
the display module DM_1 1n place of a display module DM.

Referring to FIG. 4B, the display module DM_1 may
include a display panel 100_1 and an input sensor 200_1.
The display panel 100_1 may include a base substrate
SUBS, a circuit layer DP-CL, a light emitting element layer
DP-OLED, an encapsulation substrate TFES, and a coupling
member SAL.

It will be understood that the base substrate SUBS, the
circuit layer DP-CL, the light emitting element layer DP-
OLED, and the imput sensor 200_1 of FIG. 4B may be
substantially the same as the base layer SUB, the circuit
layer DP-CL, the light emitting element layer DP-OLED,
and the mput sensor 200 of the display module DM shown
in FIG. 4A, and thus additional descriptions will be omitted
to avoid redundancy.

Each of the base substrate SUBS and the encapsulation
substrate TFES may be a glass substrate, a metal substrate,
a polymer substrate, or the like, but 1s not particularly
limited thereto.

The coupling member SAL may be interposed between
the base substrate SUBS and the encapsulation substrate
TFES. The coupling member SAL may couple the encap-
sulation substrate TFES to the base substrate SUBS or the
circuit layer DP-CL. The coupling member SAL may
include an inorganic material or an organic material. For
example, the morganic material may include a frit seal, and
the organic material may include a photo-curable resin or a
photo-plastic resin. However, the matenal constituting the
coupling member SAL 1s not limited thereto.

In an embodiment, the input sensor 200_1 may be directly
disposed on the encapsulation substrate TFES. It will be
understood that the expression “directly disposed” indicates
here that a third component 1s not 1nterposed between the
input sensor 200_1 and the encapsulation substrate TFES.
That 1s, in an embodiment, a separate adhesive member may
not be interposed between the mput sensor 200_1 and the
display panel 1001. However, embodiments of the inventive
concept are not limited thereto, and an adhesive layer may
be further interposed between the input sensor 200_1 and the
encapsulation substrate TFES.

FIG. 5 1s a cross-sectional view of the second sensor 2005
according to an embodiment of the inventive concept.

Referring to FIG. 3, the second sensor 20056 may include
a base substrate BS and a second conductive layer CL2. The
base substrate BS may include a flexible plastic material
such as polyimide (PI), polyethylene terephthalate (PET), or
the like.

The second conductive layer CLL.2 may be disposed under
the base substrate BS. The second conductive layer CL2
may include a conductive material. The conductive material
may be a transparent conductive material such as indium tin
oxide (ITO), but the conductive maternial 1s not limited
thereto. The second conductive layer CL2 may be a film
type.

FIG. 6 1s a cross-sectional view of the first sensor 200a
disposed on the display panel 100 according to an embodi-
ment of the inventive concept.

Referring to FIG. 6, the first sensor 200a may be formed
on the display panel 100 through successive processes. In an
embodiment, the first sensor 200a may be directly disposed
on the display panel 100.
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The first sensor 200q¢ may include a base layer BL, a first
conductive layer CL1, and a sensor insulating layer IL.

The base layer B may be disposed on the display panel
100. The base layer BL. may be an inorganic layer including
at least one of silicon nitride, silicon oxynitride, and silicon
oxide. Alternatively, the base layer BL. may be an organic
layer including at least one of an epoxy resin, an acrylate
resin, and an 1mide-based resin. The base layer BL may have
a single-layer structure or may have a multi-layer structure
in which a plurality of base layers BL. may be stacked 1n the
third direction DR3.

The first conductive layer CLL1 may be disposed on the
base layer BL. The first conductive layer CL1 may include
a conductive material.

The first conductive layer CLL1 may have a single-layer
structure or may have a multi-layer structure in which a
plurality of first conductive layers CLL1 may be stacked 1n the
third direction DR3.

A first conductive layer CLL1 may be a metal layer or a
transparent conductive layer. A metal layer may include
molybdenum, silver, titanium, copper, aluminum, or an alloy
thereof. A transparent conductive layer may include a trans-
parent conductive oxide such as indium tin oxide (ITO),
indium zinc oxide (I1Z0), zinc oxide (Zn0), indium zinc tin
oxide (IZTO), or the like. In addition, the transparent
conductive layer may include a conductive polymer such as
PEDOT, a metal nano wire, graphene, and/or the like.

A first conductive layer CL1 having a multi-layer struc-
ture may include metal layers. For example, the multi-layer
structure may be a three-layer structure of titanium/alumi-
num/titanium layers. A conductive layer of the multi-layer
structure may 1tself include at least one metal layer and at
least one transparent conductive layer.

The sensor insulating layer IL may be disposed on the first
conductive layer CL1. The sensor mnsulating layer IL may
include at least one organic layer. The organic layer may
include at least one of acrylate-based resin, methacrylate-
based resin, polyisoprene-based resin, vinyl-based resin,
epoxy-based resin, urethane-based resin, cellulose-based
resin, siloxane-based resin, polyimide-based resin, poly-
amide-based resin, and perylene-based resin.

FIG. 7 1s a cross-sectional view of the display module DM
according to an embodiment of the inventive concept.

Referring to FIG. 7, at least one inorganic layer 1s formed
on the upper surface of the base layer SUB. The 1norganic
layer may 1nclude at least one of aluminum oxide, titanium
oxide, silicon oxide, silicon nitride, silicon oxynitride, zir-
conium oxide, and hainium oxide. The inorganic layer may
be formed as multi-layers. The multi-layered inorganic
layers may constitute a barrier layer and/or a bufler layer.
FIG. 7 illustrates an embodiment in which the display panel
100 includes a bufler layer BFL.

The bufler layer BFL may improve the bonding strength
between the base layer SUB and a semiconductor pattern.
The bufler layer BFL may include at least one of silicon
oxide, silicon nitride, and silicon oxynitride. For example,
the bufler layer BFL may include a structure in which a
s1licon oxide layer and a silicon nitride layer are alternately
stacked.

The semiconductor pattern may be disposed on the builer
layer BFL. The semiconductor pattern may include poly-
silicon. However, the inventive concept 1s not limited
thereto, and the semiconductor pattern may include amor-
phous silicon, low-temperature polycrystalline silicon, or an
oxide semiconductor.

FIG. 7 only illustrates a portion of the semiconductor
pattern, and the semiconductor pattern may be further dis-
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posed 1n another area. The semiconductor pattern may be
arranged 1n a specific manner throughout pixels. The semi-
conductor pattern may have electrical characteristics that
may differ depending on whether the semiconductor pattern
1s doped. The semiconductor pattern may include a first area
having high conductivity and a second area having low
conductivity. The first area may be doped with an N-type
dopant or a P-type dopant. A P-type transistor may include
a doping area doped with the P-type dopant, and an N-type
transistor may include a doping area doped with the N-type
dopant. The second area may be a non-doping area or an area
doped with a dopant concentration which may be lower than
a dopant concentration 1n the first area.

A conductivity of the first area may be greater than a
conductivity of the second area. The first area may substan-
tially operate as an electrode or a signal line. The second
area may substantially correspond to a channel of a transis-
tor. In other words, a part of the semiconductor pattern may
be a channel of the transistor. Another part thereof may be
a source or drain of the transistor. Another part may be a
connection electrode or a connection signal line.

The display panel 100 may include a plurality of pixels
PX (refer to FIG. 8). For example, each of the pixels PX may
include a plurality of transistors, a capacitor, and a light
emitting element. FIG. 7 illustrates only one transistor
100PC among the plurality of transistors and a light emitting

clement 100PE that may be included 1n each of the pixels
PX.

A source SC, a channel AL, and a drain DR of the
transistor 100PC may be formed via a semiconductor pat-
tern. The source SC and the drain DR may extend in
directions opposite to each other from the channel AL. A
portion of a connection signal wire SCL formed via a
semiconductor pattern 1s illustrated in FIG. 7. The connec-
tion signal wire SCL may be connected to the drain DR of
the transistor 100PC. Moreover, a portion of a data line DL
formed from the semiconductor pattern is 1llustrated 1n FIG.
7. The data line DL may be connected to one of a drain and
a source ol a transistor.

A first msulating layer 10 may be disposed on the butler
layer BFL. The first insulating layer 10 may at least partially
overlap a plurality of pixels in common and may at least
partially cover the semiconductor pattern. The first insulat-
ing layer 10 may be an inorganic layer and/or an organic
layer, and may have a single layer structure or a multi-layer
structure. The first mnsulating layer 10 may include at least
one of aluminum oxide, titanium oxide, silicon oxide, sili-
con mitride, silicon oxynitride, zirconium oxide, and hat-
nium oxide. In an embodiment, the first insulating layer 10
may be a single-layered silicon oxide layer. An insulating
layer of the circuit layer DP-CL may also be an inorganic
layer and/or an organic layer, and may also have a single
layer structure or a multi-layer structure. The inorganic layer
may include at least one of the above-described matenals,
but 1s not limited thereto.

A gate G'T of the transistor 100PC may be disposed on the
first 1insulating layer 10. The gate GT may be a part of a
metal pattern. The gate GT may overlap the channel AL. In
a process of doping the semiconductor pattern, the gate GT
may function as a mask.

A second 1nsulating layer 20 may be disposed on the first
insulating layer 10 and may cover the gate GT. The second
insulating layer 20 may at least partially overlap pixels 1n
common. The second insulating layer 20 may be an 1nor-
ganic layer and/or an organic layer, and may have a single
layer structure or a multi-layer structure. The second 1nsu-
lating layer 20 may include at least one of silicon oxide,
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s1licon nitride, and silicon oxymitride. In an embodiment, the
second isulating layer 20 may have a multi-layer structure
including at least one of a silicon oxide layer and a silicon
nitride layer.

A third msulating layer 30 may be disposed on the second
insulating layer 20. The third insulating layer 30 may have
a single layer structure or a multi-layer structure. For
example, the third insulating layer 30 may have a multi-layer
structure including at least one of a silicon oxide layer and
a silicon nitride layer.

A first connection electrode CNE1 may be disposed on the
third insulating layer 30. The first connection electrode
CNE1 may be connected to the connection signal wire SCL
through a contact hole CNT-1 penetrating the first, second,
and third msulating layers 10, 20, and 30.

A fourth msulating layer 40 may be disposed on the third
insulating layer 30. The fourth insulating layer 40 may be a
silicon oxide layer having a single layer structure. A fifth
isulating layer 50 may be disposed on the fourth msulating
layer 40. The fifth insulating layer 50 may be an organic
layer.

A second connection electrode CNE2 may be disposed on
the fifth mnsulating layer 50. The second connection elec-
trode CNE2 may be connected to the first connection
clectrode CNE1 through a contact hole CNT-2 penetrating
the fourth insulating layer 40 and the fifth insulating layer
50.

A sixth mnsulating layer 60 may be disposed on the fifth
insulating layer 50 and may cover the second connection
clectrode CNE2. The sixth insulating layer 60 may be an
organic layer.

The light emitting element layer DP-OLED may be
disposed on the circuit layer DP-CL. The light emitting
clement layer DP-OLED may include the light emitting
clement 100PE. The light emitting element 100PE may
include an organic light emitting material, a quantum dot, a
micro-LED, or a nano-LED. However, embodiments of the
inventive concept are not limited thereto. Hereinafter, the
light emitting element 100PE 1s described as an organic light
emitting device for convenience, but 1s not particularly
limited thereto.

The light emitting element 100PE may include a first
clectrode AE, a light emitting layer EL, and a second
clectrode CE.

The first electrode AE may be disposed on the sixth
insulating layer 60. The first electrode AE may be connected
to the second connection electrode CNE2 through a contact
hole CN'T-3 penetrating the sixth msulating layer 60.

A pixel defining film 70 may be disposed on the sixth
insulating layer 60 and may at least partially cover the first
clectrode AE. An opening 70-OP may be provided on the
pixel defining film 70. The opening 70-OP of the pixel
defining film 70 may at least partially expose the first
clectrode AE.

The active area DA (refer to FIG. 1) may include a light
emitting area PXA and a non-light emitting areca NPXA
adjacent to the light emitting area PXA. The non-light
emitting area NPXA may surround the light emitting area
PXA. In an embodiment, the light emitting area PXA may
correspond to a partial area of the first electrode AE exposed
by the opening 70-OP.

The light emitting layer ELL may be disposed on the first
clectrode AE. The light emitting layer EL may be disposed
in an area corresponding to the opening 70-OP. That 1s, the
light emitting layer EL. may be separately formed on each of
pixels. When the light emitting layer EL 1s separately formed
on each of the pixels, each of the light emitting layers EL
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may emit light of at least one color of blue, red, and green.
However, the inventive concept 1s not limited thereto, and
the light emitting layer ELL may be connected and provided
to each of the pixels in common. When the light emitting
layer EL 1s connected and provided to each of the pixels 1n
common, the light emitting layer EL. may provide blue light

or white light.

The second electrode CE may be disposed on the light
emitting layer EL. The second electrode CE may be inte-
grally disposed in a plurality of pixels in common.

A hole control layer may be interposed between the first
clectrode AE and the light emitting layer EL. The hole
control layer may be disposed 1n the light emitting area PXA
and the non-light emitting area NPXA in common. The hole
control layer may include a hole transport layer and may
turther include a hole 1mjection layer. An electron control
layer may be interposed between the light emitting layer EL
and the second electrode CE. The electron control layer may
include an electron transport layer, and may further include
an electron 1njection layer. The hole control layer and the
clectron control layer may be formed in common 1n a
plurality of pixels via an open mask.

The encapsulation layer TFE may be disposed on the light
emitting element layer DP-OLED. The encapsulation layer
TFE may include sequentially stacked inorganic, organic,
and 1norganic layers, but the encapsulation layer TFE 1s not
limited thereto.

The 1norganic layers of the encapsulation layer TFE may
protect the light emitting element layer DP-OLED from
moisture and oxygen, and the organic layer of the encapsu-
lation layer TFE may protect the light emitting element layer
DP-OLED from foreign objects such as dust particles. The
inorganic layers of the encapsulation layer TFE may include
a silicon nitride layer, a silicon oxynitride layer, a silicon
oxide layer, a titanium oxide layer, an aluminum oxide layer,
or the like. The organic layer of the encapsulation layer TFE
may include an acrylate-based organic layer, but i1s not
limited thereto.

The mput sensor 200 may include the first sensor 200a
and the second sensor 200b. The first sensor 200a may
include the base layer BL, the first conductive layer CL1,
and the sensor msulating layer IL. The second sensor 20056
may include the base substrate BS and the second conduc-
tive layer CL2.

The second conductive layer CL2 of the second sensor
2006 and the sensor insulating layer IL of the first sensor
200a may be tightly coupled to each other by an adhesive
layer AD. The first conductive layer CLL1 may be insulated
from the second conductive layer CL2 by the sensor insu-
lating layer IL.

FIG. 8 1s a plan view of the display panel 100 according
to an embodiment of the inventive concept.

As 1llustrated 1n FIG. 8, the display panel 100 may include
a scan driving circuit SDC, a plurality of signal lines SGL
(hereinafter referred to as “signal lines™), the plurality of
signal pads DP-PD and IS-PD (hereinafter referred to as
“signal pads™), and a plurality of pixels PX (hereinafter
referred to as “pixels™) that may be formed on the base layer
SUB.

The scan drniving circuit SDC may generate a plurality of
scan signals (hereinafter referred to as “scan signals™) and
sequentially output the scan signals to a plurality of scan
lines SL (hereinafter referred to as “scan lines”) to be
described later. The scan driving circuit SDC may output not
only the scan signals but also other control signals to the

pixels PX.
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The scan driving circuit SDC may include a plurality of
transistors which may be formed through a same process in
which transistors in the pixels PX may be formed.

The signal lines SGL may include the scan lines SL, the
data lines DL, a power supply line PL, light emitting control
lines EML, and a control signal line CSL. Each of the scan
lines SLL. may be connected to a corresponding pixel PX
among the pixels PX, each of the data lines DL may be
connected to a corresponding pixel PX among the pixels PX,
and each of the light emitting control lines EML may be
connected to a corresponding pixel PX among the pixels PX.
The power supply line P may be connected in common
with the pixels PX. The control signal line CSL may provide
control signals to the scan driving circuit SDC. The power
supply line PL may provide a voltage necessary for opera-
tions of the pixels PX. The power supply line PL may
include a plurality of lines which may provide different
voltages from each other.

In an embodiment, the signal lines SGL may further
include auxihiary lines SSL. Fach auxiliary line SSL refers
to a signal line electrically connected to the input sensor 200
(refer to FIG. 9). In an embodiment of the inventive concept,
the auxiliary lines SSL may be omitted. The auxiliary lines
SSL may be connected to the contact holes CNT, respec-
tively. The auxiliary lines SSL may be electrically connected
to signal lines of the iput sensor 200 (refer to FIG. 9) to be
described later through the contact holes CNT.

The signal pads DP-PD and the signal pads IS-PD may
include first-type signal pads DP-PD which may be con-
nected to the data lines DL, the power supply line PL, and
the control signal line CSL, and second-type signal pads
IS-PD which may be connected to the auxiliary lines SSL.
The first-type signal pads DP-PD and the second-type signal
pads IS-PD may be disposed adjacent to each other in a pad
area PP provided in a partial area of the peripheral area
NAA. A stacked structure of the signal pads DP-PD might
not be distinguished from a stacked structure of the signal
pads IS-PD, and structure materials of the signal pads
DP-PD might not distinguished from structure materials of
the signal pads IS-PD. The signal pads DP-PD and the signal
pads IS-PD may be formed through the same process as each
other.

The active area AA may be provided as an area in which
the pixels PX may be disposed. A plurality of electronic
clements may be disposed in the active area AA. The
clectronic elements may include an organic light emitting
diode which may be included in each of the pixels PX and
a pixel driving circuit which may be connected to the
organic light emitting diode. For example, the circuit layer
DP-CL 1llustrated 1in FIG. 7 includes the scan driving circuit
SDC, the signal lines SGL, the signal pads DP-PD and
IS-PD, and the pixel driving circuait.

Each of the pixels PX may include a plurality of transis-
tors, a capacitor, and an organic light emitting diode. The
pixels PX may be electrically connected to the scan lines SL,
the data lines DL, the light emitting control lines EML, and
the power supply line PL., and may radiate light 1n response
to signals received through the scan lines SL, the data lines
DL, the light emitting control lines EML, and the power
supply line PL.

The signal pads DP-PD and IS-PD of the display panel

100 may be electrically connected to the flexible circuit film
FCB 1llustrated in FIG. 2.

A portion of the display panel 100 1llustrated in FIG. 8
may be bent. A portion of the peripheral area NAA of the
display panel 100 may be bent and may be bent around a
bending axis parallel to the first direction DR1. The bending
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axis may overlap a portion of the control signal line CSL, a
portion of the data lines DL, and a portion of the auxiliary
lines SSL.

FIG. 9 1s a plan view of the mput sensor 200 according to
an embodiment of the inventive concept.

Referring to FI1G. 9, the mput sensor 200 may include a
sensing area SA and a non-sensing arca NSA. The sensing
area SA may be an area activated based on an electrical
signal. For example, the sensing area SA may be an area 1n
which an mput may be sensed. The non-sensing area NSA
may at least partially surround the sensing area SA. The
sensing area SA may correspond to the active area AA of
FIG. 8, and the non-sensing areca NSA may correspond to the
peripheral area NAA of FIG. 8.

The 1nput sensor 200 may include first sensing electrodes
SA1 to SA16 and second sensing electrodes SB1 to SB12.
The first sensing electrodes SA1 to SA16 may be formed by
the first conductive layer CL1 formed on the base layer BL
shown i FIG. 7. The second sensing electrodes SB1 to
SB12 may be formed by the second conductive layer CL2
shown 1n FIG. 7 and may be insulated from the first sensing
clectrodes SA1 to SA16. However, the inventive concept 1s
not limited thereto. In an embodiment, the first sensing
clectrodes SA1 to SA16 may be formed by the second
conductive layer CL2. The second sensing electrodes SB1 to
SB12 may be formed by the first conductive layer CL1.

The first sensing electrodes SA1 to SA16 and the second
sensing e¢lectrodes SB1 to SB12 may be disposed in the
sensing arca SA. The first sensing electrodes SA1 to SAlé6
and the second sensing clectrodes SB1 to SB12 may be
clectrically isulated from each other and may cross each
other 1n the sensing area SA.

The first sensing electrodes SA1 to SA16 may extend in
the first direction DR1 and may be arranged in the second
direction DR2. The second sensing electrodes SB1 to SB12
may extend i1n the second direction DR2 and may be
arranged 1n the first direction DR1.

In an embodiment of the mventive concept, the input
sensor 200 may 1nclude the first sensing electrodes SA1 to
SA16 and the second sensing electrodes SB1 to SB12, but
the 1nventive concept 1s not limited thereto. The number of
first sensing electrodes and the number of second sensing
clectrodes may be variously changed. For example, FIG. 9
illustrates that the input sensor 200 includes more first
sensing electrodes than second sensing electrodes. However,
in an embodiment, the mput sensor 200 may include an
equal amount of second sensing electrodes as first sensing
clectrodes, or may include more second sensing electrodes
than {first sensing electrodes.

The mput sensor 200 may obtain location information
about an external input through a change 1n mutual capaci-
tance between the first sensing electrodes SA1 to SA16 and
the second sensing electrodes SB1 to SB12.

The mput sensor 200 may further include first to sixteenth
transmission lines TL1 to TL16 and first to twelfth reception
lines RLL1 to RL12. The first to sixteenth transmission lines
TL1 to TL16 and the first to twelith reception lines RLL1 to
RI.12 may be disposed in the non-sensing area NSA. The
first to sixteenth transmission lines TL1 to TL16 may be
clectrically connected to the first sensing electrodes SA1 to
SA16, respectively. The first to twellth reception lines RLL1
to RL12 may be electrically connected to the second sensing,
clectrodes SB1 to SB12, respectively. However, the inven-
tive concept 1s not limited thereto. In an embodiment of the
inventive concept, the mput sensor 200 may further include
reception lines which may also be electrically connected to
the second sensing electrodes SB1 to SB12, respectively.
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An area 1n which a first sensing electrode crosses a second
sensing electrode may be referred to as a sensing unit SU.

The first to sixteenth transmission lines TL1 to TL16 and
the first to twellth reception lines RLL1 to RL12 may be
clectrically connected to the auxiliary lines SSL illustrated 1n
FIG. 8 through the contact hole CNT.

In an embodiment, the first sensing electrodes SA1, SA2,
and SA7 to SA14, may be included 1n a first group of the first
sensing electrodes, and the first sensing electrodes SA3 to
SA6 may be included 1n a second group of the first sensing
clectrodes. A wire width w2 of each of the {first sensing
clectrodes SA3 to SA6 of the second group of the first
sensing electrodes may be smaller than a wire width w1l of
cach of the first sensing electrodes SA1, SA2, and SA7 to
SA14 of the first group of the first sensing electrodes. In an
embodiment, the wire width w2 of each of the first sensing
clectrodes SA3 to SA6 of the second group of the first
sensing electrodes may be 80 micrometers (um) or less.

In an embodiment, the second sensing electrodes SB1 to
SB4 and SB9 to SB12 may be included in a first group of the
second sensing electrodes, and the second sensing electrodes
SBS5 to SB8 may be included in a second group of the second
sensing electrodes. A wire width w4 of each of the second
sensing electrodes SBS to SB8 of the second group of the
second sensing electrodes may be smaller than a wire width
w3 of each of the second sensing electrodes SB1 to SB4 and
SB9 to SB12 of the first group of the second sensing
clectrodes. The wire width wd of each of the second sensing
clectrodes SBS to SB8 of the second group of the second
sensing electrodes may be 80 micrometers (um) or less.

The first sensing electrodes SA3 to SA6 of the second
group ol the first sensing electrodes may cross the second
sensing electrodes SBS to SB8 of the second group of the
second sensing electrodes 1n a fingerprint sensing area FSA.
The fingerprint sensing areca FSA may have a higher preci-
sion ol detection of the first input IP1 provided by the first
input means 1000 (refer to FIG. 1) and the second mnput 1P2
provided by the second mput means 2000 (refer to FIG. 1)
than the remaining sensing area SA. Accordingly, the fin-
gerprint sensing area FSA may be an area in which a user’s
fingerprint or a detailed input by a pen may be detected. For
convenience of description, an area in which the first sensing
clectrodes SA3 to SA6 of the second group of the first
sensing electrodes cross the second sensing electrodes SBS
to SB8 of the second group of the second sensing electrodes
1s referred to as the fingerprint sensing arca FSA. However,
the fingerprint sensing area FSA may not only be an area in
which a fingerprint may be detected, but may also be an area
having higher detection precision than the remaining sensing
area SA. The fingerprint sensing arca FSA may detect
various 1nputs such as a touch, a pen contact, and a finger-
print. In addition, the fingerprint sensing area FSA shown in
FIG. 9 1s positioned at a lower center of the display device
DD, but the inventive concept 1s not limited thereto.

FIG. 10 1s a diagram 1illustrating an operation of an input
SENSor.

Retferring to FIGS. 9 and 10, each of the first sensing
clectrodes SA1 to SA16 may operate as a transmission
clectrode. Fach of the second sensing electrodes SB1 to
SB12 may operate as a reception electrode. The sensor
controller SCC may detect an external input by detecting an
amount of change in mutual capacitance formed between the
first sensing electrodes SA1 to SA16 and the second sensing
clectrodes SB1 to SB12.

For convenience of description, FIG. 10 1illustrates only
the first sensing electrodes SA1 and SA2 from among the
first sensing electrodes SA1 to SA16 illustrated 1n FIG. 9
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and the second sensing electrodes SB1 and SB2 from among
the second sensing electrodes SB1 to SB12 illustrated in
FIG. 9. The first sensing electrodes SA3 to SA16 and the
second sensing electrodes SB3 to SB12 that are 1llustrated 1n
FIG. 9 may also be driven 1n the same scheme as the first
sensing electrodes SA1 and SA2 and the second sensing
clectrodes SB1 and SB2 described with reference to FIG. 10.

The sensor controller SCC may provide transmit signals
TX1 and TX2 to the first sensing electrodes SA1 and SA2,
respectively. The sensor controller SCC may receive sensing,
signals RX1 and RX2 from second sensing electrodes SB1
and SB2, respectively. Accordingly, the sensor controller
SCC may compare the transmit signals TX1 and TX2 with
the sensing signals RX1 and RX2 corresponding to the
transmit signals TX1 and TX2, respectively, and then may
generate a coordinate value of a location at which the
external input 1s provided based on the amount of change 1n
the sensing signals RX1 and RX2.

FIG. 11 1s a timing diagram of transmit signals TX1 to
TX16 provided to an mput sensor 200 (refer to FIG. 9) 1n a
first operating mode.

Referring to FIGS. 3, 9, and 11, 1n a first operating mode,
the display device DD may detect the first input IP1 pro-
vided by the first input means 1000 and/or the second input
IP2 provided by the second input means 2000 via the entire
sensing area SA.

In the first operating mode, the sensor controller SCC may

provide transmit signals TX1 to TX16 to the first sensing
clectrodes SA1 to SA16, respectively. The sensor controller
SCC may receive sensing signals RX1 to RX12 from second
sensing electrodes SB1 to SB12, respectively.
In the first operating mode, the sensor controller SCC may
sequentially provide transmit signals TX1 to TX16 of an
active level (e.g., a huigh level) to the first sensing electrodes
SA1 to SA16 during a frame F; at least one of the first
sensing electrodes SA3 to SA6 of the second group of the
first sensing electrodes may provide the same transmit
signals to at least two of the first sensing electrodes.

During the frame F in the first operating mode, active
periods of the transmit signals TX1, TX2, and TX7 to TX14
provided to the first sensing electrodes SA1, SA2, and SA7
to SA14 of the first group may not overlap each other.

In the first operating mode, the sensor controller SCC may
provide the first sensing electrodes SA3 and SA4 of the
second group with transmit signals TX3 and TX4 having a
same wavetorm as each other. The sensor controller SCC
may provide the first sensing electrodes SAS and SA6 of the
second group with the transmit signals TX5 and TX6 having
a same waveform as each other. In other words, active
periods of the transmit signals TX3 and TX4 overlap each
other, and active periods of the transmit signals TXS and
TX6 overlap each other.

In an embodiment, 1n the first operating mode, the sensor
controller SCC may provide transmit signals TX3 to TX6
having a same waveform to each other to all of the first
sensing electrodes SA3 to SA6 of the second group of the
first sensing electrodes.

FIG. 12 1s a timing diagram of an operation of an input
sensor 1 a second operating mode.

Referring to FIGS. 3, 9, and 12, 1n a second operating
mode, the display device DD may detect the first input 1P1
provided by the first mput means 1000 and/or the second
input IP2 provided by the second mput means 2000 via the
fingerprint sensing area FSA disposed in the sensing area
SA.

In the second operating mode, the sensor controller SCC
may provide transmit signals TX3 to TX6 to the first sensing,
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clectrodes SA3 to SA6 of the second group of the first
sensing electrodes, respectively. The sensor controller SCC
may receive sensing signals RXS to RX8 from the second
sensing electrodes SBS to SB8 of the second group of the
second sensing electrodes, respectively.

In the second operating mode, the sensor controller SCC
may sequentially provide transmit signals TX3 to TX6 of an
active level (e.g., a high level) to the first sensing electrodes
SA3 to SA6 of the second group of the first sensing
clectrodes during a frame F. In other words, active periods
of transmit signals TX3 to TX6 do not overlap each other.
During the frame F, the transmit signals TX1, TX2, and TX7
to TX14 provided to the first sensing electrodes SA1, SA2,
and SA7 to SAl4 of the first group of the first sensing
clectrodes may be maintained at an mactive level (e.g., a low
level).

According to an embodiment of the iventive concept, a
display device may include a first sensing electrode disposed
on a first sensing layer and a second sensing electrode
disposed on a second sensing layer. In particular, the second
sensing layer may be formed via a process independent of a
process for forming a display panel, and may be disposed on
the first sensing layer.

According to an embodiment of the inventive concept, a
display device may more accurately detect external inputs
such as a user’s fingerprint, an electronic pen contact, or the
like by including first sensing electrodes and second sensing
clectrodes 1n a second sensing area of the display device
having smaller wire widths than first sensing electrodes and
second sensing electrodes 1n a first sensing area the display
device.

While the inventive concept has been shown and
described with reference to embodiments thereot, 1t will be
apparent to those of ordinary skill in the art that various
changes and modifications may be made thereto without
departing from the spirit and scope of the imnventive concept
as set forth in the following claims.

What 1s claimed 1s:

1. A display device comprising:

a display panel;

a plurality of first sensing electrodes disposed on the
display panel, the plurality of first sensing electrodes
including a first group of sensing electrodes and a
second group of sensing electrodes;

a plurality of second sensing electrodes disposed on the
first sensing electrodes and 1solated from the {first
sensing electrodes, the plurality of second sensing
clectrodes including a third group of sensing electrodes
and a fourth group of second sensing electrodes; and

a sensor controller configured to provide a transmit signal
of an active level to each of the plurality of first sensing
clectrodes 1 a first sensing mode, wherein active
periods of transmit signals provided to the first sensing
clectrodes of the first group 1n the first sensing mode do
not overlap each other,

wherein a wire width of each first sensing electrode of the
second group 1s smaller than a wire width of each first
sensing electrode of the first group,

wherein a wire width of each second sensing electrode of
the fourth group 1s smaller than a wire width of each
second sensing electrode of the third group,

wherein a {irst portion of each first sensing electrode of
the second group and a first portion of each second
sensing electrode of the fourth group 1s disposed 1n a
fingerprint sensing area and a second portion of each
first sensing electrode of the second group and a second
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portion of each second sensing electrode of the fourth
group 1s disposed 1n a non-fingerprint sensing area,

wherein the sensor controller sequentially provides trans-
mit signals of an active level to the first sensing
clectrodes of the second group 1n a second sensing
mode,
wherein the sensor controller maintains the transmit sig-
nals provided to the first sensing electrodes of the first
group at an inactive level in the second sensing mode,

wherein, 1n the first sensing mode, first active periods of
the transmit signals provided to a first electrode and a
second electrode among the first sensing electrodes of
the second group overlap each other, second active
periods of the transmit signals provided to a third
clectrode and a fourth electrode among the first sensing
clectrodes of the second group overlap each other, and
the first active periods and the second active periods do
not overlap, and

wherein, 1n the first sensing mode, the active periods of

transmit signals provided to the first sensing electrodes
of the first group and the first active periods and the
second active periods do not overlap each other.
2. The display device of claim 1, wherein the plurality of
first sensing electrodes extend 1n a first direction,
wherein the plurality of second sensing electrodes extend
in a second direction crossing the first direction, and

wherein an area in which the first sensing electrodes of the
second group cross the second sensing electrodes of the
fourth group 1s the fingerprint sensing area.
3. The display device of claim 1, further comprising:
a panel driving circuit configured to drive the display
panel and to output a synchronization signal; and

wherein the sensor controller 1s further configured to
transmit or receive a signal to or from the plurality of
first sensing electrodes and the plurality of second
sensing electrodes.

4. The display device of claim 1, wheremn the active
periods of the transmit signals provided to the first sensing,
clectrodes of the first group 1n the first sensing mode do not
overlap the active periods of the transmit signals provided to
the first sensing electrodes of the second group 1n the first
sensing mode.

5. The display device of claim 1, wherein the second
sensing mode 1s a mode 1 which a user’s fingerprint 1s
detected.

6. The display device of claim 1, further comprising;:

a base layer disposed on the display panel;

a first conductive layer disposed on the base layer;

a sensor 1msulating layer disposed on the first conductive

layer;

a base substrate; and

a second conductive layer disposed under the base sub-

strate,

wherein the plurality of first sensing electrodes are formed

by the first conductive layer, and the plurality of second
sensing electrodes are formed by the second conductive
layer.

7. The display device of claim 6, further comprising:

an adhesive layer configured to bond the sensor insulating

layer and the second conductive layer.

8. The display device of claim 1, wherein the wire width
ol each of the first sensing electrodes of the second group 1s
not greater than 80 micrometers (um).

9. The display device of claim 1, wherein the display
panel includes:

a plurality of pixels connected to a plurality of scan lines

and a plurality of data lines; and
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a scan driving circuit connected to the plurality of scan
lines.

10. A display device comprising:

a display panel;

a base layer disposed on the display panel;

a first conductive layer disposed on the base layer;

a plurality of first sensing electrodes formed by the first
conductive layer, the plurality of first sensing elec-
trodes including a first group of first sensing electrodes
and a second group of first sensing electrodes;

a sensor isulating layer disposed on the first conductive
layer;

a base substrate;

a second conductive layer disposed under the base sub-
strate;

a plurality of second sensing electrodes formed by the
second conductive layer, the plurality of second sensing,
clectrodes including a third group of second sensing
clectrodes and a fourth group of second sensing elec-
trodes;

an adhesive layer configured to bond the sensor insulating,
layer and the second conductive layer; and

a sensor controller configured to provide a transmuit signal
of an active level to each of a plurality of {first sensing
clectrodes 1 a first sensing mode, wherein active
periods of transmit signals provided to the first sensing
clectrodes of the first group 1n the first sensing mode do
not overlap each other,

wherein the plurality of first sensing electrodes 1s formed
by the first conductive layer, and a plurality of second
sensing electrodes 1s formed by the second conductive
layer,

wherein a {irst portion of each first sensing electrode of
the second group and a first portion of each second
sensing electrode of the fourth group 1s disposed 1n a
fingerprint sensing area and a second portion of each
first sensing electrode of the second group and a second
portion of each second sensing electrode of the fourth
group 15 disposed 1n a non-fingerprint sensing area,

wherein the sensor controller sequentially provides trans-
mit signals of an active level to the {first sensing
clectrodes of the second group 1n a second sensing
mode,

wherein the sensor controller maintains the transmit sig-
nals provided to the first sensing electrodes of the first
group at an 1mactive level 1n the second sensing mode,

wherein, 1n the first sensing mode, first active periods of
the transmit signals provided to a first electrode and a
second electrode among the first sensing electrodes of
the second group overlap each other, second active
periods of the transmit signals provided to a third
clectrode and a fourth electrode among the first sensing
clectrodes of the second group overlap each other, and
the first active periods and the second active periods do
not overlap, and

wherein, 1n the first sensing mode, the active periods of
transmit signals provided to the first sensing electrodes
of the first group and the first active periods and the
second active periods do not overlap each other.

11. The display device of claim 10, wherein a wire width
of each first sensing electrode of the second group 1s smaller
than a wire width of each first sensing electrode of the first
group.

12. The display device of claim 10, wherein a wire width
of each second sensing electrode of the fourth group is
smaller than a wire width of each second sensing electrode
of the third group.
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13. The display device of claim 10, wherein the plurality
ol first sensing electrodes extend 1n a first direction,

wherein the plurality of second sensing electrodes extend
in a second direction crossing the first direction, and

wherein an area in which the first sensing electrodes of the
second group cross the second sensing electrodes of the
fourth group 1s the fingerprint sensing area.

14. The display device of claim 10, further comprising:

a panel driving circuit configured to drive the display 10

panel and to output a synchronization signal; and

wherein the sensor controller 1s further configured to
transmit or receive a signal to or from the plurality of
first sensing electrodes and the plurality of second
sensing electrodes.

15. The display device of claim 10, wherein the active
periods of the transmit signals provided to the first sensing,
clectrodes of the first group 1n the first sensing mode do not

22

overlap the active periods of the transmit signals provided to
the first sensing electrodes of the second group 1n the first
sensing mode.

16. The display device of claim 10, wherein the second
sensing mode 1s a mode 1n which a user’s fingerprint 1s
detected.

17. The display device of claim 1, wheremn an active
period of a transmit signal provided to a sensing electrode of
the first group precedes the first active periods.

18. The display device of claim 1, wherein an active
period of a transmit signal provided to a sensing electrode of
the first group follows the second active periods.

19. The display device of claam 10, wherein an active
period of a transmit signal provided to a sensing electrode of
the first group precedes the first active periods.

20. The display device of claim 10, wherein an active
period of a transmit signal provided to a sensing electrode of
the first group follows the second active periods.
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